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Abstract
This work outlines the synthesis of Schiff base derivatives through the reaction of O-acyl salicylaldehyde with diverse amines, 
facilitated by ethanol as a solvent. The derivatives were structurally analyzed using 1H and 13C-NMR, FT-IR, and LC–MS 
techniques. The Schiff base derivative, bearing a phenol moiety, subsequently underwent oxidative polycondensation reaction 
in water, employing NaOCl as the mild and safe oxidant, presenting a sustainable alternative to conventional methods. The 
polymer was then subjected to investigations using 1H-NMR, FT-IR, DSC, TGA, SEM, and EDX spectroscopies, revealing 
exceptional thermal stability suitable for high-temperature applications. The results not only contribute to the development 
of poly(azomethine-ester) but also highlight the importance of adopting environmentally friendly methodologies in materials 
synthesis. The findings highlight the potential biological applications of the imine linkage and emphasize the use of green 
chemistry principles to promote sustainability in synthetic chemistry practices.

Keywords  Salicylaldehyde · Schiff base derivatives · Oxidative polycondensation · Green polymerization · 
Poly(azomethine-ester)

Introduction

Salicylaldehyde, an aromatic compound with applications 
as a precursor for compounds possessing antiviral [1, 2], 
antibacterial [3, 4], antioxidant [5, 6], and antifungal[7, 8] 
properties, underwent acylation using diverse catalysts [9, 
10]. Substituted hydroxybenzaldehyde yielded esters with 
various carboxylic acid chlorides [11, 12]. Oxidative esteri-
fication of the hydroxyl group in salicylaldehyde results in 
the generation of ester derivatives, such as 2-formylphenyl 
benzoate [13]. Aromatic esters are recognized for their fac-
ile synthesis and relative resilience to heat and hydrolysis 
[14]. The investigation into a bio-based polyester's thermal 
properties highlighted a need for eco-friendly reagents in 
its synthesis [15]. Poly(anhydride-ester) based on bioactive 
salicylic acid in a green one-pot method was studied for 
biodegradability and cytocompatibility by Uhrich et al.[16]

The widespread use of salicylaldehyde and its deriva-
tives includes their interaction with amine derivatives to 

create antimicrobial Schiff bases and their complexes [17, 
18]. Salicylaldehyde azine has demonstrated noteworthy 
antibacterial qualities [19]. Investigation into the addition 
of hydroxybenzaldehyde into the recurring units of poly-
acrylonitrile revealed potential antimicrobial effects [20, 21]. 
Polymeric materials that incorporated substituted salicyla-
ldehyde and either chitosan or cellulose were studied for 
their imine or azomethine linkages [22, 23]. Al-Ameiry 
investigated the polyimine synthesis via microwave-assisted 
method [24].

Poly(azomethine-esters) are polymers characterized by 
the presence of –C = N- and –COO- linkages, showcasing 
unique properties derived from the combination of polyes-
ter and polyazomethine traits [25]. These polymers exhibit 
features such as thermal stability [26], mechanical strength 
[27], antimicrobial activity [28, 29], mesomorphic traits 
[30], as well as optical [31], fibre-forming [32], and semi-
conductive[33] characteristics. Many of these polymers fall 
within the thermotropic class of polymers [34]. Recogniz-
ing the significance of these polymers, the current study is 
dedicated to the design and development of systems based 
on conjugated poly(azomethine-esters).

Despite its var ious commendable proper ties, 
poly(azomethine-ester) encounters a drawback related to 
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its synthesis requiring specific conditions and its insolubil-
ity in any solvent due to strong internal interactions [35]. 
Therefore, there is a need for enhancing the solubility of 
this polymer using an environmentally friendly approach to 
broaden its applications. In this context, the oxidative poly-
condensation of O-acyl salicylaldehyde with amines using 
a green oxidant NaOCl has been investigated to examine the 
thermal behavior and solubility of the polymer.

We present here the procedures employed to synthesize 
Schiff base derivatives. This involves the reaction of an 
O-acyl salicylaldehyde with various amines, followed by 
the polymerization of one of the derivatives with a phenol 
moiety via an oxidative polycondensation reaction. As far as 
we are aware based on existing literature, there are limited 
documentation on environmentally friendly methods used 
for the oxidative polycondensation of O-acyl salicylaldehyde 
schiff base derivative. This preliminary report outlines the 
synthesis and characterization of a poly(azomethine-ester) 
based on salicylaldehyde, contributing to the development 
of organic polymers suitable for biomedical applications.

Experimental section

Materials

Salicylaldehyde and sodium sulphate (anhydrous) were 
received from Sisco Research Laboratories Pvt. Ltd. 
1,3,5-benzenetricarbonyl trichloride was obtained from 
Sigma-Aldrich, Co. (St Louis, USA). Ethyl acetate was pur-
chased from Finar Chemicals Ltd. (Ahmedabad, India). Tri-
ethylamine (Et3N), ethanolamine and sodium hypochlorite 
solution (NaOCl, 4% w/v active chlorine) were supplied by 
Merck Specialties Pvt. Ltd. (Mumbai, India). 3-Aminophe-
nol was purchased from S. D. Fine Chemicals (Mumbai, 
India). Ethylenediamine and potassium hydroxide pellets 
(KOH) was acquired by Thermo Fisher Scientific India Pvt. 
Ltd. (Mumbai, India).1,6-Diaminohexane was supplied by 
Alfa Aesar (Massachusetts, USA).

Synthesis of Schiff base derivatives (Ia‑Id)

0.02 mol of the previously synthesized purified derivative 
(I) were dissolved in 20.00 ml ethanol at 60 °C with con-
tinuous stirring. To this homogeneous solution, 0.02 mol of 
the amine was gradually added, and stirring was maintained 
at the same temperature for 3 h. The appearance of a yel-
low color in the mixture over time indicated the formation 
of imine linkages. This reaction progress was monitored 
using TLC, revealing a distinct yellow spot characteristic of 
the Schiff base derivative. The resulting mixture was then 
extracted with ethyl acetate, followed by washing with cold 

ethanol and hexane to remove any unreacted substrates and 
yield the desired products (Fig. 1).

Tris(2-(2-hydroxyethyliminomethyl)phenyl) ben-
zene-1,3,5-tricarboxylate (Ia): Yellow oily liquid, yield 
86.50%. IR, ν (cm−1): 3398.60 (O–H); 2926.17 (C-H); 
1738.08 (C = O); 1632.05 (CH = N). 1H-NMR (Chloro-
form-D, 400 MHz): δ 8.35 (s, 5H), 7.31 (dd, 2H), 7.27 
(d, 1H), 7.24 (ddd, 4H), 6.92 (dd, 3H), 6.87 (td, 3H), 3.88 
(m, 7H), 3.71 (m, 8H). 13C-NMR (Chloroform-D, 400 
MHz): δ 167.04, 161.41, 132.63, 132.60, 131.57, 118.76, 
118.74, 118.71, 117.22, 117.20, 62.18, 61.69. ESI–MS for 
C36H33N3O9, calculated [M + H]+: 652.68, observed 652.68.

Tris(2-(3-hydroxyphenyliminomethyl)phenyl) ben-
zene-1,3,5-tricarboxylate (Ib): Yellowish powder, yield 
90.10%, m. p. 130–131 °C. IR, ν (cm−1): 3386.69 (O–H); 
2924.37 (C-H); 1738.08 (C = O); 1616.82 (CH = N). 1H-
NMR (DMSO-d6, 400 MHz): δ 8.85 (s, 3H), 8.71 (s, 
3H), 8.32 (s, 3H), 7.42 (dd, 3H), 7.24 (ddd, 3H), 7.17 (dd, 
3H), 6.97 (m, 6H), 6.77 (m, 6H), 6.31 (t, 3H). 13C-NMR 
(DMSO-d6, 400 MHz): δ 160.79, 158.53, 150.30, 129.89, 
120.01, 115.21, 109.44, 105.88, 103.74, 101.41. ESI–MS for 
C48H33N3O9, calculated [M + H]+: 796.81, observed 796.81.

Tris(2-(2-aminoethyliminomethyl)phenyl) benzene-1,3,5-
tricarboxylate (Ic): Yellow solid, yield 92.30%, m. p. 
111–112 °C. IR, ν (cm−1): 3476.12, 3307.32 (N–H); 2919.89 
(C-H); 1729.25 (C = O); 1626.74 (CH = N). 1H-NMR 
(Chloroform-D, 400 MHz): δ 8.34 (s, 5H), 7.28 (ddd, 4H), 
7.22 (dd, 3H), 6.94 (dd, 3H), 6.84 (td, 3H), 3.92 (m, 10H), 
3.66 (m, 4H), 3.06 (m, 4H). 13C-NMR (Chloroform-D, 400 
MHz): δ 166.60, 161.08, 132.49, 131.59, 118.79, 118.72, 
117.04, 59.82, 57.83. ESI–MS for C36H36N6O6, calculated 
[M + H]+: 649.73, observed 649.72.

Tris(2-(6-aminohexyliminomethyl)phenyl) benzene-1,3,5-
tricarboxylate (Id): Yellow powder, yield 89.40%, m. p. 
58–59 °C. IR, ν (cm−1): 3435.05, 3210.54 (N–H); 2925.21 
(C-H); 1729.25 (C = O); 1626.74 (CH = N). 1H-NMR (Chlo-
roform-D, 400 MHz): δ 8.31 (s, 5H), 7.29 (ddd, 4H), 7.21 
(dd, 3H), 6.95 (dd, 3H), 6.85 (td, 3H), 3.58 (m, 12H), 1.70 (t, 
12H), 1.43 (m, 14H), 1.25 (m, 4H). 13C-NMR (Chloroform-
D, 400 MHz): δ 164.70, 161.46, 132.17, 131.21, 118.89, 
118.51, 117.12, 59.44, 30.79, 29.81, 26.93. ESI–MS for 
C48H60N6O6, calculated [M + H]+: 818.05, observed: 818.06.

Oxidative polycondensation of Schiff base 
derivative (Ib)

0.02 mol of Schiff base derivative (Ib) was dissolved in a 0.02 
mol aqueous 10% KOH solution at 60 °C. Subsequently, a 30% 
NaOCl aqueous solution was slowly added dropwise to the 
reaction mixture, causing the color to deepen to a dark brown. 
The temperature of the reaction mixture was then raised to 90 
°C and stirred continuously for 6 h (Fig. 2). To neutralize the 
reaction, HCl was added at room temperature, resulting in the 
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formation of a precipitate. The crude product was washed with 
hot water and then dried in an oven at 100°C, yielding the final 
solid black-colored polymer (IbP). Polymerization attempts 
were made by varying the NaOCl concentration, revealing a 
lower precipitated crude product at lower concentrations, with 
little effect observed upon increasing the concentration.

Characterization

1H-NMR and 13C-NMR (400 MHz) spectroscopy were 
employed using a Jeol JNM-ECZL400G spectrome-
ter (Jeol Asia PTE Ltd., Singapore) to characterize the 

Fig. 1   Synthesis of Schiff base derivatives (Ia-Id)
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purified compounds. FT-IR spectroscopy was performed 
with a Perkin Elmer Spectrum Two spectrometer (USA) in 
KBr mode, covering a spectral range from 400–4000 cm−1. 
Mass spectrometric data were acquired using an Acquity 
TQD LC–MS spectrometer (Waters, USA) operating in 
electrospray ionization (ESI) mode. TGA of the polymer 
was conducted on a SHIMADZU DTG-60S spectrometer 
(Japan) with a heating rate of 20 °C/min in a nitrogen 
atmosphere, covering a range of 20 °C to 500 °C. DSC 
of the polymer was carried out using a Setaram LABSYS 
DSC 131 spectrometer (France) from 30 °C to 300 °C with 
a heating rate of 10 °C/min in an N2 atmosphere. Morpho-
logical characteristics of the polymer were investigated 
through field emission scanning electron microscopy (FE-
SEM) and energy-dispersive x-ray analysis (EDX) using a 
ZEISS EVO 18 spectrometer (Germany).

Results and discussion

The detailed procedure for producing derivative (I) from 
salicylaldehyde, employing triacyl chloride and Et3N 
in ethyl acetate, is outlined in our prior research [36]. 
In this study, we conducted reactions of derivative (I) 
with diverse amines in ethanol to generate Schiff base 
derivatives (Ia-Id), consistent with established method-
ologies from earlier studies [37, 38]. To confirm the out-
comes, we performed the preliminary 2,4-DNP test. The 
2,4-DNP test involves an aqueous ethanolic solution of 

2,4-dinitrophenylhydrazine, which forms an orange-yellow 
precipitate with aldehydes and ketones. Derivative (I) con-
tains free aldehyde groups that react with the 2,4-DNP 
reagent, resulting in an orange-yellow precipitate. How-
ever, Schiff base derivatives, which feature imine and ester 
linkages, give negative results in the 2,4-DNP test.

A Schiff base derivative featuring a phenol moiety 
undergoes polymerization through oxidative polyconden-
sation reactions at its ortho and para positions, as docu-
mented in related literature [39, 40]. The repeating units 
of the polymer are connected via the ortho and para posi-
tions of the phenol group, as illustrated in similar work by 
Demetgül et al.[41] NaOCl was preferred due to its easily 
accessible conditions, such as room temperature and ambi-
ent pressure, as highlighted by Kaya et al.[42, 43] It is also 
low-cost and environmentally friendly. Polymers obtained 
using NaOCl as the oxidant have higher molecular weights 
and increased yields, with a PDI close to 1.

To facilitate a comparative analysis of the stability and 
morphology of polymer (IbP), polymer (II) was synthe-
sized. This involved the one-pot synthesis of a known 
Schiff base by combining salicylaldehyde and 3-ami-
nophenol, followed by subjecting it to oxidative polycon-
densation reactions, using the methods employed for the 
synthesis of polymer (IbP). The polymer (IbP) readily dis-
solved in DMSO and DMF solvents but exhibited limited 
solubility in acetone and no solubility in methanol, ethanol 
and chloroform.

Fig. 2   Oxidative polycondensa-
tion of schiff base derivatives
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FT‑IR spectroscopy

In the supplementary materials, the FT-IR spectrum of 
derivative (I) indicated C = O peaks at 1779.52 cm−1 for 
the ester and at 1700.23 cm−1 for the aldehyde. Addi-
tionally, C-H peaks were observed at 3075.23 cm−1 and 
2751.56 cm−1, while C-O peaks were found at 1224.45 
cm−1 and 1104.65 cm−1. The Schiff base derivatives 
are illustrated in Fig. 3 through the FT-IR spectra. It is 
evident that imine linkages form between the aldehyde 
group of derivative (I) and various amines, leading to the 
emergence of the –CH = N- absorption at 1632.05 cm−1 
for derivative (Ia), 1616.82 cm−1 for derivative (Ib), and 
1626.74 cm−1 for derivatives (Ic) and (Id). The ester C = O 
peak is consistently observed at 1729.25 cm−1 or 1738.08 
cm−1 while the C-H stretching is noticeable within the 
range of 2853.27–2931.78 cm−1 across all derivatives. A 
broad peak is evident at 3398.60 cm−1 for the O–H group 
in derivative (Ia) and at 3386.69 cm−1 for derivative (Ib). 
Similarly, the N–H stretching of the primary amine is 
observed at 3476.12 cm−1 and 3307.32 cm−1 for deriva-
tive (Ic), while derivative (Id) exhibits peaks at 3435.05 
cm−1 and 3210.54 cm−1.

In Fig. 4, the FT-IR spectrum reveals the distinctive 
features of polymers (II) and (IbP). Both polymers exhibit 
an imine linkage, appearing at around 1629.55 cm−1. Poly-
mer (IbP) displays a distinct C = O peak associated with 
the ester group at 1746.10 cm−1, a characteristic absent 
in polymer (II). The C-H stretching in polymer (IbP) are 
clearly evident at 2922.30 cm−1 and 2856.38 cm−1. The 
O–H stretching for both polymers is observed at 3432.83 
cm−1.

Mass spectrometry

The mass spectra of the Schiff base derivatives indicated 
that the observed mass values matched the calculated masses 
of the amide derivatives as detailed in the supplementary 
materials.

NMR spectroscopy

The derivative (I) was confirmed using 1H-NMR spectros-
copy, as shown in the supplementary materials. The 1H-
NMR spectra of Schiff base derivatives (Ia-Id) depicted in 
Fig. 5 were acquired using Chloroform-D and DMSO-d6 
solvents. In derivative (Ib), the most deshielded singlet peak, 
observed at 8.85 ppm, belongs to the three –OH protons. A 
strong singlet peak at 8.35 ppm in (Ia), 8.34 ppm in (Ic), 
and 8.31 ppm in (Id) indicates the presence of three central 
aromatic ring protons and two imine protons (–CH = N-). In 
(Ib), the 3 central aromatic ring protons and 3 imine protons 
(–CH = N-) are observed at 8.71 and 8.32 ppm, respectively. 
For derivatives (Ia), (Ic), and (Id), 12 aromatic protons and 
1 imine proton are evident within the 6.83–7.31 ppm range, 
while derivative (Ib) exhibits 24 aromatic protons in the 
6.31–7.42 ppm range. In derivative (Ia), the 12 –CH2 protons 
and 3 –OH protons were observed between 3.70–3.90 ppm. 
Similarly, for (Ic), the 12 –CH2 protons and 6 –NH2 protons 
were observed in the 3.03–3.92 ppm range, while in (Id), the 
36 –CH2 protons and 6 –NH2 protons were found within the 
1.25–3.59 ppm range.

Figure 6 illustrates the 13C-NMR spectra of Schiff base 
derivatives. The most downfield signals indicative of the 
ester C = O bond and imine -C = N- linkage were recorded at 
167.04 ppm in derivative (Ia), 160.79 ppm in derivative (Ib), 

Fig. 3   FT-IR spectra of Schiff base derivatives (Ia-Id) Fig. 4   FT-IR spectrum of the polymers (II) and (IbP)
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166.60 ppm in derivative (Ic), and 164.70 ppm in deriva-
tive (Id). Meanwhile, the C-O peak was found at 161.41 
ppm in (Ia), 158.53 ppm in (Ib), 161.08 ppm in (Ic), and 
161.46 ppm in (Id). A distinct C-N peak appeared at 150.30 
ppm for derivative (Ib), while for the other derivatives, it 
fell within the aromatic region. The aromatic region was 
consistently observed for all derivatives within the range 
of 101.41–132.63 ppm. Aliphatic peaks were observed at 
61.69–62.18 ppm for (Ia), 57.83–59.82 ppm for (Ic), and 
26.93–59.44 ppm for (Id). These aliphatic peaks, combined 
with additional signals, serve as confirmation for the forma-
tion of the Schiff bases from derivative (I).

The 1H-NMR spectrum of polymer (IbP) was recorded 
in DMSO-d6 solvent (Fig. 7). It exhibits peaks at 6.44–7.60 
ppm for aromatic protons and 8.34–8.95 ppm for –OH, 
imine, and central aromatic protons. These peaks closely 
resemble those in the 1H-NMR spectrum of the derivative 
(Ib), showing slight shifts and broadening. This similarity 
confirms the successful polymerization of the derivative 
(Ib).

Thermal analysis

The thermograms of polymers (IbP) and (II) are illustrated in 
Fig. 8 (a). The initial degradation of both polymers occurred 
at < 83 °C, resulting in a 3% weight loss for polymer (IbP) 
and a 10% weight loss for polymer (II) due to entrapped 
moisture. Polymer (IbP) exhibited second and third stage 
weight losses at 208 and 413 °C, likely due to release of 
small groups. In contrast, polymer (II) displayed a signifi-
cant degradation weight loss at 312 °C. At 480 °C, polymer 
(IbP) exhibited a weight reduction of only 20%, whereas 
polymer (II) experienced a more substantial 45% decrease in 
weight. The improved resistance to degradation in polymer 
(IbP) was potentially due to its bulky rings and conjugated 
structure, enhancing its thermal stability compared to the 
simpler polymer (II).

DSC results for polymers (IbP) and (II) are shown in 
Fig. 8 (b). The Schiff base polymer (IbP) exhibits a Tg 
value of approximately 125 °C, slightly higher than that 
of polymer (II) at 112 °C. This difference is attributed 

(Ib)(Ia)

(Ic) (Id)

Fig. 5   1H-NMR spectra of Schiff base derivatives (Ia-Id)
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to the presence of imine linkages and increased bulky 
aromatic rings in polymer (IbP).

Morphological analysis

The micrographs in Fig. 9 depict the surface character-
istics of polymers (II) and (IbP). Polymer (II) displays 
structured cubic aggregations on its surface, devoid of any 
cavities. In contrast, polymer (IbP) reveals prominent cav-
ities on its densely packed smooth and uniform top sur-
face. The observed changes in the surface morphology of 
the polymer are attributed to the presence of an increased 
number of aromatic rings, coupled with Schiff base func-
tionality and reinforced by intermolecular forces.

The elemental mapping (Fig. 10) using EDX revealed 
that solely C and O elements were identified in the poly-
mer (IbP) and no contaminants were observed.

Conclusions

This study successfully demonstrated the synthesis of 
Schiff base derivatives and their subsequent transforma-
tion into poly(azomethine-ester) through a green and sus-
tainable approach. The use of salicylaldehyde and various 
amines in ethanol as a solvent facilitated the efficient pro-
duction of the Schiff base derivatives. The structures of 
the derivatives were well-established. The polymerization 
was carried out via oxidative polycondensation reactions 
in water using a green oxidant like NaOCl, which forms 
a heat-resistant polymer at substantial temperatures. This 
work advocates for the integration of green chemistry prin-
ciples in the pursuit of sustainable and eco-friendly materi-
als, thereby encouraging a shift towards more responsible 
practices in the field of synthetic chemistry. The exami-
nation of the biological characteristics of the Schiff base 

(Ia) (Ib)

(Id)(Ic)

Fig. 6   13C-NMR spectra of Schiff base derivatives (Ia-Id)
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Fig. 7   1H-NMR of polymer 
(IbP) and the schiff base deriva-
tive (Ib)

Fig. 8   (a) TGA and (b) DSC 
curves of the polymers (IbP) 
and (II)

(b)(a)
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Fig. 9   FE-SEM images at 
different magnification of poly-
mers (a) (II) and (b) (IbP)

(a) (a)

(b)(b)

(b) (c) (d)

(a)

Fig. 10   EDX mapping of the polymer (IbP). a EDX spectra with constituent elements. Elemental mapping of (b) carbon, (c) oxygen and (d) 
nitrogen
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derivatives and the obtained polymer is currently under-
way, and the results are scheduled for future publication.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10965-​024-​04070-9.
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